ripheral blood mononuclear cells (PBMCs) is limited and inconsistent. Hence, we tested the hypothesis that there might be differences in the levels of cytokines produced by mitogen-stimulated PBMCs in RA subjects compared to controls, and that these cytokine levels may also differ according to disease activity.
We measured the mitogen-stimulated production levels of selected pro-and anti-inflammatory cytokines in isolated PBMCs of RA patients with active disease and patients in remission compared to healthy controls, and calculated their ratios in order to identify differences in cytokine levels and ratios depending on RA activity.
Subjects and Methods

Study Population
Twenty-two consecutive seropositive RA patients in remission and 20 consecutive seropositive patients with active RA were recruited. All 42 patients (27 females, 15 males) fulfilled the American College of Rheumatology criteria for RA [2] and gave informed consent for participating in the study.
Complete clinical and laboratory evaluations were conducted for the patients. Data were entered into a predesigned form. Standardized joint counts, including tender joints and swollen joints, were recorded. The 3-variable DAS28 (DAS28-3) (http://www. das-score.nl/www.das-score.nl/) was computed using the formula [3] A cut-off point of ! 2.6 was used for the DAS28-3 to define remission, corresponding to fulfillment of the modified American Rheumatology Association criteria for remission [4] . According to these preliminary criteria for clinical remission in RA, a state of clinical remission is reached when 5 of the following 6 criteria are fulfilled for at least 2 consecutive months: morning stiffness ^ 15 min; no fatigue; no joint pain (by history); no joint tenderness or pain on motion; no soft tissue swelling in joints or tendon sheaths; ESR ! 30 mm/h for females or ! 20 mm/h for males [5] .
Treatment strategy for RA patients followed recently published guidelines [6] . All patients were treated with disease-modifying antirheumatic drugs (DMARDs) and/or biologicals and, whenever appropriate, nonsteroidal anti-inflammatory drugs and/or corticosteroids were added. The DMARDs used included methotrexate, sulfasalazine, hydroxychloroquine, leflunomide and injectable gold. The biologics used were infliximab, etanercept, adalimumab and rituximab.
Thirty-seven age-and sex-matched healthy controls were also enrolled in the study.
Mitogen-Induced Stimulation of PBMCs
A sample of 5 ml of peripheral blood was collected from each patient and control. The PBMCs were separated by Ficoll-Hypaque (Pharmacia Biotech, Uppsala, Sweden) density gradient centrifugation, suspended in RPMI medium (Gibco BRL, Gaithersburg, Md., USA) containing 10% fetal calf serum, aliquoted into 96-well tissue culture plates at a density of 10 5 cells per well and then stimulated with the mitogen phytohemagglutinin (Sigma Chemicals, St. Louis, Mo., USA) at a concentration of 5 g/ml for 96 h. Supernatants were collected 96 h later for estimation of cytokines. This duration of incubation was chosen because previous experiments in our laboratory have shown optimal production of these cytokines after 96 h incubation (data not shown).
Estimation of Cytokine Levels in Culture Supernatants
Levels of the proinflammatory cytokines IFN-␥ , TNF-␣ , TNF-␤ , IL-8, and IL-18, and anti-inflammatory cytokines IL-4, IL-10 and IL-13 produced by PBMCs in culture were assayed by ELISA using kits obtained from Immunotech SA (Marseilles, France). The manufacturer's protocols were followed for these assays, which are based on the antibody sandwich principle. The samples and standards were first incubated with a solid-phase monoclonal antibody which captured the specific cytokine present. The solid-phase-bound cytokine was then incubated with a second antibody such as biotinylated anticytokine antibody. The resulting antigen-antibody complexes were then incubated with a streptavidin-enzyme conjugate after which the substrate and chromogen were added. Resultant color development, which was directly proportional to the concentration of the cytokine present in the sample or standard, was stopped and the absorbance value read using an ELISA reader. Samples were analyzed in triplicates. Accurate sample concentrations of cytokines were determined by comparing their respective absorbances with those obtained for the reference standards plotted on a standard curve. The sensitivities of the assays were as follows: 3 pg/ml of IFN-␥ , 10 pg/ml of TNF-␣ , 5 pg/ml of TNF-␤ , 3 pg/ml of IL-8, 15 pg/ml of IL-17, 10 pg/ml of IL-18, 5 pg/ml of IL-4, 5 pg/ml of IL-10 and 5 pg/ml of IL-13.
Data Analysis
Data were analyzed using Stata version 8.0. Means, standard deviations, medians, interquartile range, and proportions were used as descriptive statistics where appropriate. Student's t test was used to test significance for the comparison of means of normally distributed variables between two groups. The significance of associations between categorical variables was tested using the 2 test and Fisher's exact test, where appropriate. All the cytokine variables were severely skewed, and log transformation did not result in normally distributed transformed variables. Therefore, the nonparametric Mann-Whitney U test was used to test the significance of differences in median cytokine levels between two groups. Correction for multiple comparisons was made using the Bonferroni method. The ␣ -level of significance was divided by 9 for the comparison of cytokine levels to account for the analysis of 9 cytokines, and divided by 18 for the comparison of cytokine ratios to account for the analysis of 18 cytokine ratios. However, further decrements in ␣ based on the 'all patients versus controls' and 'patients with active disease versus controls' comparisons were deemed too stringent because the patients with active disease represent a subset of all patients, resulting in a high degree of correlation between the 'active' and 'total patient' groups. Spearman correlation was used to test the significance and magnitude of the correlations between cytokine levels. In an additional analysis of these 15 correlations, the ␣ -level was multiplied by 15 to correct for multiple comparisons.
Results
The patient characteristics are shown in table 1 . The active and remission groups were similar with regard to age at disease onset, mean disease duration, and mean number of DMARDs for current treatment. Patients in the active group had significantly higher values for tender joint count, swollen joint count, ESR, C-reactive protein and DAS28-3 scores. The disease and control groups were similar with respect to age and gender.
Cytokine Levels and Ratios in Patients with Active Disease and Patients in Remission Compared to Healthy Controls
Production levels by mitogen-stimulated PBMCs of 6 proinflammatory cytokines (IFN-␥ , TNF-␣ , TNF-␤ , IL-8, IL-17, IL-18) and 3 anti-inflammatory cytokines (IL-4, IL-10, IL-13) are presented in table 2 , according to study subgroup. No statistically significant differences were found in any cytokine levels between the patients with active disease and those in remission. However, the inflammatory cytokine IL-8 was produced at significantly higher levels in the active (p = 0.02) and total (p = 0.003) groups of RA patients as compared to healthy controls. Paradoxically, IL-17 and IFN-␥ were both significantly lower in both the total patient group and the group with active RA, compared to controls. Levels of the anti-inflammatory cytokine IL-4 were lower in the group with active RA (p = 0.01) and the total RA group (p = 0.01) when compared to the control group, although the IL-10 levels were significantly higher in the total patient group and the group with active RA compared with controls. After Bonferroni adjustment, only the associations for IL-8 and IL-10 remained statistically significant (comparing the total patient group to controls).
The ratios of proinflammatory to anti-inflammatory cytokines that were significantly associated with the study subgroups are presented in table 3 . No ratios were statistically significantly different between the group with active RA and the group in remission. The only 3 ratios of pro-to anti-inflammatory cytokines that were significantly higher in the total patient group and the group with active RA compared to controls were TNF-␣ /IL-13, IL-8/IL-4 and IL-8/IL-13. On the contrary, TNF-␤ /IL-10, IL-17/IL-10, IL-18/IL-10 and the 3 IFN-␥ ratios were significantly lower in the total patient group compared to the controls, and all but 1 (IFN-␥ /IL-4) of these were significantly lower in the group with active RA compared with the controls. The ratios retaining statistical significance after Bonferroni correction included IL-8/IL-13, IFN-␥ /IL-10, TNF-␤ /IL-10, IL-17/IL-10, and IL-18/IL-10. Table 4 presents the correlations among the proinflammatory cytokines. The correlations among IFN-␥ , 2 Remains statistically significant after Bonferroni correction for multiple comparisons. All p values generated using the MannWhitney U test.
Discussion
The physiology of cytokine pathways in RA is complex, in part due to the large number of molecules involved, and in part due to the redundant and synergistic nature of this network [7] . Disease results when an imbalance in the cytokine network develops. The picture is less clear in the peripheral blood of RA patients, with one study demonstrating a Th1 phenotype [8] , while another, published the same year, showed a Th2 over Th1 bias [9] .
IFN-␥ is considered the signature Th1 cytokine which plays a crucial role in the development of RA synovitis through upregulation of IL-12, and an elevated IFN-␥ /IL-4 ratio in synovial tissue in RA patients has been demonstrated [10] . In the peripheral blood, however, the situation is different. Activated PBMCs of RA patients produce lower levels of IFN-␥ when compared to healthy controls [11] , and a similar underproduction has been seen in patients with active RA when compared to patients in remission [12] . While our study did not find a significant difference between the group with active RA and the group in remission, stimulated IFN-␥ levels were significantly lower in the total patient group compared with the controls, confirming the previous findings.
Conflicting results were published on the levels of TNF-␣ produced by PBMCs from RA patients. Thus, it has been variously reported that the PBMCs of patients with RA produce reduced levels [13] , the same levels [14] , and higher levels [15] of TNF-␣ when compared to PBMCs from healthy controls. As regards disease activity and TNF-␣ levels, it has been recently reported that RA patients with high disease activity have significantly high blood concentrations of TNF-␣ as compared to patients with moderate and mild disease activity [16] . In this study, we found the levels of TNF-␣ in the groups with active RA, the group in remission and the total RA group to be no different from those in the healthy control group.
The levels of TNF-␤ are reported to be low or negligible in the sera and synovial fluids of RA patients [17] , and no different from healthy controls [18] . Also, they do not correlate with RA disease variables and are not a good marker of RA activity [19] . There is no literature available regarding peripheral blood levels of TNF-␤ . We found no differences in the levels of TNF-␤ secreted by mitogenstimulated blood cells in the group with active RA, the group in remission, the total RA group and healthy controls.
Though remarkable elevations of IL-8 (a potent chemoattractant for neutrophils) levels in the bone marrow of patients with RA have been demonstrated and show a close relationship to the extent of synovial proliferation [20] , until recently there was no information about the peripheral blood production levels of this cytokine. In the present study, we have demonstrated significantly elevated levels of IL-8 production in the group with active RA, the group in remission and the total RA group compared to healthy controls, as in a previous report [21] . These findings may indicate the possibility of using IL-8 levels as a marker of RA.
The cytokine IL-17 is an important newly discovered regulator of immune responses. Evidence suggesting that RA is primarily a Th17-mediated disease is rapidly accumulating [22] . Overproduction of IL-17 at the synovial level is well established [23] [24] [25] . This may thus account for the observed undersecretion of this cytokine by blood cells as shown in this study, emphasizing the notion that some cytokines that are active in the synovial milieu may be deficient in the peripheral blood.
Some studies have demonstrated elevated serum levels of IL-18 (a new member of the IL-1 family of proinflammatory cytokines) in RA patients compared with controls [26, 27] . However, a previous report found that both RA and control PBMCs produce similar, very low IL-18 mRNA expression levels [14] , as in our study, where the levels of IL-18 produced by PBMCs from patients with active RA, the group in remission and patients from the total RA group were not different from those in the healthy controls. It was previously shown that the production of IL-4, an anti-inflammatory cytokine, is higher [28] and the IFN-␥ /IL-4 ratio, which reflects the Th1/Th2 cytokine balance in blood, is lower in the peripheral blood of RA patients than in healthy controls [9] . However, two subsequent studies found the spontaneous IL-4 mRNA to be significantly lower in RA patients compared to healthy controls [11, 29] . In agreement with these reports, our study showed lower levels of IL-4 in the total RA group than in controls. We have also found higher IL-8/IL-4 ratios in the active and total RA groups compared to controls, which is consistent with the finding that PBMCs from RA patients produce lower levels of this Th2 cytokine in the peripheral blood compared to healthy controls.
Increased circulating and synovial levels of IL-10 (another anti-inflammatory cytokine) have been previously documented [30] . In our study, the levels of IL-10 were significantly higher as well in the group with active RA and the total RA group compared to the healthy controls, and the ratios of IFN-␥ /IL-10 and TNF-␤ /IL-10 were correspondingly significantly lower in the group with active RA compared to healthy controls.
IL-13, a Th2 anti-inflammatory cytokine which inhibits IL-17 [31] , is increased in RA sera versus normal sera [32] . We found that even though the levels of IL-13 in the group with active RA and the total RA group are not different from those in the healthy controls, the TNF-␣ / IL-13 ratio is significantly higher in the total RA group compared to healthy controls, suggesting an anti-inflammatory bias in RA PBMCs with regard to IL-13, since TNF-␣ is the same in the two groups.
Thus, overall we found significantly higher levels of IL-8 and IL-10 production by mitogen-stimulated blood cells and lower levels of IFN-␥ , IL-4 and IL-17 in RA patients compared to controls. Activated PBMCs of RA patients regardless of disease activity, showed a high-level production of IL-8 and a low-level production of IL-4.
While interpreting these data, we ought to keep in mind the possibility that the treatment regimens may by themselves influence cytokine levels. However, in our study it was noted that regardless of which medications were used to induce remission in RA patients, there were no significant differences in the cytokine levels or ratios in patients with active disease compared to those in remission. The effects of DMARD on cytokine levels in RA are not consistent, with most studies showing mixed results [33] [34] [35] . It has been hypothesized that DMARD may lead to restoration of peripheral cell-mediated immunity as a response to treatment [34] .
A most interesting observation was the lack of any significant differences in peripheral blood mitogen-stimulated cytokine levels or ratios between the group with active RA and the RA group in remission. This may imply that pro-and anti-inflammatory cytokine profiles seen at the synovial level may not translate into similar phenomena at the peripheral blood level. This stands to reason as the cytokines are produced at more intense levels at the synovial level than at the peripheral blood level, the former being the chief site of production and action of these cytokines [7] . Such differences in results between mitogen-stimulated PBMC cytokine production, serum levels and local levels in the synovium or synovial fluid can be attributed to the source and location of various cytokines.
